Following permanent ligation of the anterior descending ramus of the left coronary artery in dogs, from 7 to 9 hours must elapse before anatomical injury can be demonstrated histologically. 5' 6, 7 When occlusion of the coronary artery was maintained for from 30 minutes to 8 hours and the dog was sacrificed 2 hours after the restoration of circulation, edema of the interstitial tissue was present after >2 hour of ischemia, and by the end of 2 hours, exudate, necrosis of the myocardial fibers, and extensive hemorrhage had developed. 7 Functional studies of regions of ischemic myocardium by optical myographic methods', 8 indicated an immediate impairment of muscular activity following ligation of the coronary artery with complete abolition of contractions in the affected muscle in 1 to 1 2 minutes. The prompt asphyxial arrest of myocardial contraction leads to the consideration of the role of glycogen and its breakdown-product lactic acid in the anaerobic activity of the myocardium. Lactic acid in the anoxemic muscle after coronary occlusion of from 30 minutes to 24 hours is increased by 100 to 200 per cent, while the glycogen concentration is markedly decreased.' Occlusion of the coronary artery for from 2 to 8 hours, with subsequent restoration of circulation for 2 hours, showed no significant difference in the lactic acid content of the ischemic and control zones, while the glycogen content of the ischemic zone continued low, as in the simple ligation experiment.7 The accumulated lactic acid was washed out apparently by the reestablished blood flow. The failure of glycogen resynthesis in these experiments is further evidence of severe myocardial injury.
Asphyxial arrest of the contraction of the frog heart has been studied by Clark, Gaddie, and Stewart.1 They concluded that contraction continues as long as formation of lactic acid continues, and that the lactic acid formed is adequate to supply the energy needed for myocardial contraction. After 10 minutes of asphyxia the response fails and further lactic acid formation ceases, in spite of the presence of adequate glycogen in the muscle. Perfusion of the heart with an acid perfusion fluid, which in the presence of oxygen had no effect, resulted under these anaerobic conditions in a rapid arrest of contraction without appreciable increase in lactic acid. These findings indicate that anaerobic lactic acid formation utilizes the available base and produces a reduction of tissue pH so that further lactic acid formation is inhibited and muscular action ceases. The accumulation of lactic itself may play a role in inhibiting contraction.3' 4 Myographic studies showed prompt abolition of myocardial contraction following perfusion of the segment of myocardium through its coronary artery with blood-Locke's solution containing sodium lactate, while perfusion with blood-Locke's solution alone maintained vigorous contractions. 8 Because of these experiments it was decided to study the chemical changes in the myocardium during the first few minutes after ligation and to determine the briefest period of anoxemia resulting in demonstrable anatomical evidence of myocardial injury, employing the method of temporary ocdusion with subsequent -restoration of circulation.
Methods Dogs were anesthetized with nembutal in the anatomical, and with sodium amytal in the chemical, experiments. Under mild artificial respiration, the heart was exposed, the peritoneum was opened, and the anterior descending branch of the left coronary artery was dissected from the accompanying veins. It was then ligated within 2 cm. of its origin. In the anatomical experiments the vessels were occluded by the rubber-covered jaws of a small mosquito-damp for from 5 minutes to 2 hours. The animals were sacrificed after 1 month. At post-mortem the myocardium was examined for gross changes and the coronary arteries inspected for patency. Blocks of tissue were taken from the zone supplied by the ligated vessels, as well as from the right ventricle for control.
In the chemical experiment samples of tissue were removed from the zone supplied by the ligated vessels and from a control zone. These were excised from the beating heart in situ in the living animal and plunged immediately into liquid air. The frozen muscle was fragmented and put into weighing bottles containing sulfuric acid for the determination of the lactic acid content by the method of Friedemann and 
The coronary arteries were occluded for periods of 5, 15, and 30 minutes, and 2 hours. One month later the animals were sacrificed, with the exception of dogs 1 and 5, which died after 6y2 days and 4 hours respectively. A summary of the anatomical findings is presented in Table I . (Fig. 2) . There was replacement of the muscle throughout the entire thickness of the ventricle, except for a delicate layer immediately beneath the endocardium and a few scattered bundles beneath the epicardium. Mononuclear phagocytes containing golden-brown blood pigment were seen throughout the scar. Dog No. 5, which died 4 hours after a 2-hour ligation, showed a typical hemorrhagic infarct similar to those described in a previous paper.' Dog No. 12, which underwent the operative procedure except for the occlusion of the vessel, showed no evidence, after 74 days, of anatomical injury.
B. Changes in lactic acid concentration after ligation of coronary arteries
The data on lactic acid content after ligation for from 15 seconds to 30 minutes are summarized in Table II . There was an increase in lactic acid in the ischemic zone during the first 15 seconds of anoxemia which continued to a maximum concentration in 1 2 minutes, thereafter falling slowly to maintain a gradually descending plateau.
Discussion
The immediate increase in lactic acid content of the anoxemic myocardium, reaching the maximum in 1 Y2minutes, indicates that anaerobic breakdown of glycogen to furnish energy for muscular contraction has ceased at the end of 1I minutes. These findings offer an explanation for the myographic observations which showed immediate impairment of muscular activity with complete absence of contractions within 1 to 1I2 minutes after occlusion of the coronary artery. This is in accord with the findings of Clark, Gaddie, and Stewart.'
While myographic and chemical data indicate an immediate arrest of muscular activity in the anoxemic myocardium, recovery of function without permanent injury to the muscle fibers may occur if the period of anoxemia is of short duration. After 10 minutes of coronary occlusion followed by restoration of circulation myographic observations showed a prompt return to function in the affected muscle; a 23-minute period of occlusion showed no evidence of recovery of muscular activity.8 This is suggestive functional evidence of permanent myocardial injury. The method of shortperiod occlusion showed that 30 minutes of anoxemia was sufficient to produce focal myocardial destruction with fibrous tissue replacement, although a typical healed infarct was seen only after 2 hours of anoxemia. Summary 1. Examination of the myocardium 30 days after coronary occlusion for 30 minutes shows focal fibrosis of the ischemic areas. After 2 hours of occlusion, followed by the same survival time, a fibrous scar typical of a healed infarct is seen.
2. In the fist minute and a half after coronary ligation there is a rapid rise in myocardial lactic acid content. This is followed by a gradual decline during the next half hour.
